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Abstract
· AIM:Tocompareconventionalslowequilibriumcooling
anddirectionalfreezing (DF)bygauzepackagefor
cryopreservationofhumanumbilicalveinendothelial
cells(HUVECs).
· METHODS: HUVECs were randomly assigned to
conventionalfreezing (CF)andDFbygauzepackage
group.ThetwogroupsofHUVECswereincubatedwitha
freezing liquid consisting of 10% dimethylsulfoxide
(DMSO), 60% fetal bovine serum (FBS) and 30%
Dulbecco’ smodifiedEagle’ smedium (DMEM)andthen
putintocryopreservedtubes.CFgroup,slowequilibrium
coolingwasperformedwiththefollowingprogram:
precoolin4 益for30min,-20益 for1h,andthen
immersionin-80益 refrigerator.DFgroup,thetubes
werepackagedwithgauzeandthendirectionalfreezing
in-80益 refrigeratorstraightly.Onemonthlater,the
vitalityofHUVECswerecalculatedbetweentwogroups.
· RESULTS:Therewasnosignificantdifferenceinthe
survivalrateandgrowthcurvebetweenCFandDF
groups.TheDFgroupwassignificantlybetterthanCF
groupinadherentrates,morphologicalchangesand
proliferativeability.
· CONCLUSION: In the conventional cryopreserved
method,cellsareslowequilibriumcoolingbysteps(4益,
-20益 andfinally-80益 ),whichisacomplicatedand
time-consumingprocess.ButtheimprovedDFbygauze
packagemethodisbetterthanconventionalmethod,for
whichisconvenientandeasytooperate.
· KEYWORDS: cryopreservation; humanumbilicalvein
endothelial cells; slowequilibriumcooling; directional
freezing
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INTRODUCTION
H
umanumbilicalveinendothelialcells(HUVECs)are
extensivelyusedforvascularresearch.They are
experimentallypliableandphenotypicplasticityrangingfrom
formationofcontinuousmonolayerstoangiogenesisinthree
dimensionalcultures
[1].Moreover,HUVECscontinueto
expresssignalingmoleculeswhichrespondtoinflammatory
mediators,hypoxiaandangiogenicgrowthfactorssuchas
vascularendothelialgrowthfactor(VEGF)
[2].Thus,HUVEC
wasanusefultooltoresearchthemechanismandtreatment
ofneovasculareyedisease.
Cryopreservationisaprocesswherecellsorwholetissuesare
preservedbycoolingtosub-zerotemperatures.Atlow
enoughtemperatures,anychemicalactivityorenzymatic
whichmightcausedamagetothematerialinquestionis
effectivelystopped.Cryopreservationmethodssearchto
reachlowtemperatureswithoutleadingtoadditionaldamage
causedbytheformationoficeduringfreezing.Someauthors
[3,4]
provedthattherewasnosignificantdifferenceinthe
biologicalcharacteristicsofcryopreservationbeforeand
after.Nevertheless,itisimportanttoimprovetheefficiency
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ofcryopreservingHUVECs.Atpresent,thereisamain
methodforcryopreservingcells:conventionalfreezing(CF)
[5].
CFoperatesontheprincipleofslowequilibriumcooling,
whichiscomplexandtime-consuming.Thispaperwill
introduceanewmethod:directionalfreezing(DF)bygauze
package.It'sanewmethodofcryopreservedcell,which
further improvingthecumbersomeaspectsofCF
cryopreservedprocess.
SUBJECTSANDMETHODS
Subjects ThisstudyadheredtothetenetsofDeclarationof
Helsinkiandethicalapprovalwasgivenbythemedicalethics
committeeofJinanUniversity,andinformedconsentwas
obtainedfrompatients.TheHUVECsweresuppliedby
InstitutionofObstetricsandGynecology,JinanUniversity.
Dulbecco'smodifiedEagle'smedium(DMEM)powderwas
purchasedfromGibco(Carlsbad,CA,USA).Fetalbovine
serum(FBS)wasobtainedfromHyclone(Shanghai,China).
Dimethylsulfoxide (DMSO)waspurchasedfromPuboxin
Company (Beijing,China).Trypanbluepowderwas
purchased from Sigma(StLouis, MO,USA). The
methylthiazoletetrazoliumbromide (MTT)andAnnexin
V/FITCassaywerepurchasedfromKaijicompany(Nanjing,
China).
Methods
Methodofobtainingcultureofhumanumbilicalvein
endothelialcells HUVECswereobtainedbymeansof
enzymaticinfluenceofcollagenaseontheinnersurfaceof
umbilicalveinwallinasterileenvironment,asdescribed
earlier
[6].
Cryopreservationofhumanumbilicalveinendothelial
cells HUVECsweredigestedwithtrypsin,thenterminate
digestionwithcompletemedium,andthesupernatantwere
removedbycentrifugation(1000r/min,5min).Putthe
suspensionsof HUVECs adjusttotheconcentration
(1.0-2.0)伊10
9/L,followthesteps,andensurethatyouuse
theconfiguredfrozenstocksolutions(thevolumefractionof
10%DMSO,60%FBSand30%DMEMserum-free
medium)
[7].HUVECswererandomlyassignedtoCFgroup
andDFgroupbygauzepackage.Theformerusingthe
principleofslowequilibriumcooling:precoolin4 ℃for
30min,-20℃ for1h,andthenimmersionin-80℃
refrigerator
[8-11].Thelatterusingthemethodofgauzewrapped
around20layers,andthenputcryopreservedtubedirectly
into-80℃ refrigerator.
Recoveryofhumanumbilicalveinendothelialcells
[12,13]
Afteramonthcryopreservationin-80℃ refrigerator,the
HUVECswerethawedina37℃ waterbathfor1-2min.
Oscillatethecryopreservedtubeuntilcellssuspensionmelt
completely,thenthecellssuspensionweredilutedbyten
timesvolumetricDMEMliquid,900r/mincentrifugalfor
5minandsupernatantwasdiscarded.
Survivalrateofhumanumbilicalveinendothelialcells
Trypanbluecellcountingmethodwasusedtoverifythe
SurvivalrateofHUVECs
[14].Inbrief,HUVECssuspension
wasinjectedintothecellcountingboardundertheinverted
phasecontrastmicroscope(Olympus,Japan)toobserve.
Followedbyrecordingtheratioofnotbeenblue-stainedcell
numberandtotalcellcountunderthe100timesinverted
microscope.Undernormalcircumstances,recordcell
numbersoffournon-overlappinghorizonsandfigureoutits
average,whilethisvalueisregardedasthecellsurvivalrate.
Microscopic observation of human umbilical vein
endothelial cells ThecryopreservedHUVECswere
culturedinasix-wellplateat2 伊 10
5 cellsperplatefor2,12
and24h.ThemorphologyofHUVECswasobservedfrom
thecultureflaskunderphase-contrastinvertedmicroscope.
ImagesofHUVECswerecapturedusingaCailZeiss
microscope(CailZeiss,Germany).
MTTassay CellgrowthwasdeterminedusingaMTTassay
(Methylthiazoletetrazoliumbromide,Kaiji).Thisassayis
basedonthereductionofMTTintoablueformazandyeby
viablemitochondria.Inbrief,thetwogroupscryopreserved
HUVECswereseededintoeachwellof96-wellplateswith5
replicatesforeachgroupateachtimepoint.Afterstated
incubationtime,20mLMTTsolution(5mg/mL)wasadded
toeachwell.After4hofincubation,themediumwas
aspiratedascompletelyaspossiblewithoutdisturbingthe
formazancrystals.Then,150mLDMSOwasaddedtoeach
wellandplacedonaplateshakerfor10min.Theoptical
densityvaluesat570nmwerethenmeasuredwitha
microplatereaderequipped(TecanSafire2,Switzerland).
Flowcytometryanalysisonapoptosiscells Toquantify
apoptosiscells,AnnexinVandpropidiumiodidestaining
wereused.Briefly,cryopreservedHUVECsweregrownona
six-wellplateat1 伊 10
6 cellsperplatefor24h.Thereafter,
cellswerecollectedandstainedwithAnnexinV-FITCandPI
inbindingbuffer.Thesampleswerethenmeasuredbyflow
cytometry(BDFACSAriaTM,USA).
RESULTS
SurvivalRateofHumanUmbilicalVeinEndothelial
Cells Therewerenoblue-stainedcellsbetweentwogroups
(blue-stainedratewas0%,survivalratewas100%).
Morphological Changes of Human Umbilical Vein
EndothelialCells TheanabioticHUVECsweregrownin
769T25culturebottle.Therewerefiftypercentoftheadherent
cellsinDFgroup,howeveronlypartsoftheadherentcellsin
CFgroupfor2h (Figure1).After12hofincubation,the
HUVECsgrownto80%-90%confluenceinDFgroup,but
only50%confluenceinCFgroup.After24hincubation,the
DFgroupcellshadapproximate100%confluence.The
morphologyandgrowthfeatureofHUVECswereobserved
byinvertedmicroscopeeverydaybetweentwogroups.The
resultshowedthattherewasnodifferentbetweenDFgroup
andnon-frozencell.Onthecontrary,therewasdifference
betweenDFandCFgroups(Figure2).
GrowthCurveofHumanUmbilicalVeinEndothelial
CellsAfterRecovery Graphicsoftwogroupsshoweda
typicalS-shapedcurve,almostperfectcorrespondence.
Comparedwithnon-cryopreservedgroup,HUVECgrowth
curvewasnosignificantdifferenceinthe2
nd and4
th days.
However,thevisibledifferencefromthefirstsixdays
(slightlybelowthefreezinggroup),asshowninFigure3.
ApoptoticRateofHumanUmbilicalVeinEndothelial
CellsAfterRecovery Theresultsshowedthatcellnecrosis
accountedfor0.20%,earlyapoptosis(3.45%),lateapoptosis
(1.78%)andcellsurvival(94.57%)inDFgroup;cell
necrosisaccountedfor0.43%,earlyapoptosis(2.25%),late
apoptosis(2.01%)andcellsurvival(95.32%)inCFgroup,as
showninFigure4.
DISCUSSION
Trypanbluestainingmethodshowedthattherewerenodyed
bluecellsbetweenDFandCFgroups.Thatistosay,
HUVECsgrowninnormallivingconditionintwogroups.
Flowcytometryanalysisshowedthatsomeofthecellshave
beenapoptosisinearlystageorlatestage,andevennecrosis
atlast.Traditionaltestmethodsofthecellvitalityoftenuse
trypanbluestaining,whichonlyapplicableforthedetection
ofnecroticcells,butifthecellapoptosis,it'sstillableto
rejecttrypanbluestaining
[15].Asourresultsshowedthatthe
anabiosiscellsofbothDFgroupandCFgroupwerenobeing
blue-stained,butcontrasttoflowcytometricanalysisshowed
thatsomecellshavealreadybeenapoptosis.Theresultwas
consistentwithpreviousresearch
[16].Moreover,astimegoes
on,trypanbluestainingwillalsohappeninthesurviving
cells,sotheresultingcountdifferenceisverygreat,andthe
trypanbluestainingmethodwasnotberegardedasthe
appraisalstandardofcelldeath
[17].Thus,theresearchers
observedthemorphologicalchangesoftheresurgentcellin
theexperiment,andperformedtheapoptosisdetectionwith
flowcytometryanddrewthegrowthcurvewithMTT
method.
Flowcytometrictestingresultsshowedthatthereisno
significantdifferencebetweentheimprovedgauzewrapped
DFmethodandtheCFmethodforcryopreservingHUVECs.
Atthispoint,forthepreservationofcells,theimproved
gauzewrappedDFmethodwassuperiortoCFcryopreserved
method.CelladherentcapacityandproliferationofDF
methodweremuchbetterthanCFmethod,butMTTmethod
showedthatatthebaseofinoculatingthesamenumberof
cells,thetotalactivityofthecelldetectedbythetwomethods
Figure1MorphologicalchangesofHUVECs (2h) DFgroup:
Directionalfreezingbygauzepackage;CFgroup:Conventional
freezingmethod( 伊 50).
Figure2MorphologicalchangesofHUVECs (12h) DFgroup:
Directionalfreezingbygauzepackage;CFgroup:Conventional
freezingmethod( 伊 50).
Figure3GrowthcurveofHUVECsineachgroupbyMTT
DFgroup:Directionalfreezingbygauzepackage;CFgroup:
Conventionalfreezingmethod.
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wassimilar.Therewassomepossiblereasontoilluminate
thephenomenon.AlthoughcelladherentcapacityofCFwas
inferiortotheDFgroup,afteralongtime(96h)ofculturing,
therewasnosignificantdifferencebetweenthetwogroups.
Kuczy俳ski
[18] foundthatfrozenspermtechnologyisan
effectiveprocessofscreening,withwhichagingordeformity
spermcanbeeliminated.Hence,thereisaboldhypothesis
thatthecryopreservedcellsdifferentiationprocesscanalso
beseenasakindofnaturalselection,inwhichthecell
viabilitywithlowlevelwereeliminated,andonlyleftthose
withhighviability cellsincludingmembrane function
stabilitymetabolicexuberantandchromosomenormalcells
canendurelowtemperaturetobepreserved,soMTT
experimentalresultsoftwogroupsshowednoobvious
difference.IntermsofthegrowthcurvedrawnbyMTT
method,therewasnosignificantdifferencebetweenthetwo
groups.Similaritywasfoundingrowthcurveradianofthe
DFgroupandnon-frozenones,butthewholeslightlylower
thannon-frozengroup,thissuggestedthatHUVECsfor
cryopreservationisfeasible.Theeffectofimproved
cryopreservationmethodisnotinferiortotheexisting
cryopreservationones,asthecellvitality,cell
cryopreservationstillcanresultincertaindamage.
Withthedevelopmentofthetechnologyofcell
cryopreservation,manykindsofcellscanbestoredforalong
time
[19,20].Thegrowthstateafterrecoverydirectly
influencestheeffectofvariousbiologyexperiments,it
mainlyrelatestothetemperaturerange.
Theprocessofcryopreservedcellsneedsthreephases,ice
crystalsform,dehydrationandsolublesubstances
concentration.Thestandardcryopreservedprogramisslow
freeze-stored
[21].Ifthetemperaturedeclineslowly,every
minutedown1 ℃ ,theintracellulardon’ tappearicecrystal.
Icecrystalsmainlyformintheextracellularandcellitself
onlygraduallydehydrated,doesnotsufferinjury
[22].Ifthe
coolingspeedperformtoofast,intracellularandextracellular
simultaneouslyformicecrystal,whichwillcausedamageto
organelles,proteindegenerationandnuclearchromosome
spaceconfigurationchange ,andfinallyalsoleadtocell
death
[23].Therefore,the"slowfreezing"isthekeyfactorto
avoidthecellssuffersfromseriousinjury
[24].Icecrystal
formationandconcentrationofelectrolytemainlyoccurs
between-10℃ and-5℃ .Thecryopreservedcellsof
traditionalmethodstayinthe-20℃ to-4℃ foralongtime,
thetemperaturedropseverely.Improvedcryopreserved
methodthatgauzewrappedcellfreeze-storedtube,can
obviouslyreducethespeedofthedropintemperature.The
temperatureofcellsinthefreeze-storedtubedeclinegently,
aspreviouslydescribed"slowfreezing"method,soitcan
effectivelyreducethedamagetocellsinalowfreezing
temperature.Underthecryopreservedenvironment,cells
biochemicalreactionsandenergymetabolismarebasically
static,sofreeze-storedtimehasnoobviousorlesssignificant
effectoncells.Zhang
[25] provedthecorrectnessofthis
inference.Rigol
[26] alsoindicatedthatfreeze-storedtime
hadnoobviouseffectonvascularfunction.Toachievegood
cryopreservedeffect,thecrucialpointsarepreservation
solutionandthecoolingrate.
Insummary,ourresultsrevealedthatimprovedgauze
wrappedmethodisnosignificantdifferencecompariedwith
thetraditionalCFmethod,orevenbetterthanCFmethod
suchasadhesionrateandcellmorphology, .Moreover,
comparedwithCFmethod,theimprovedgauzewrappedDF
methodfeaturesconciseinoperationsteps,lesscost,and
suitabletobepopularizedandused.Inthisstudy,wejust
onlyobservecryopreservedcellsin-80℃,astowhethercan
beusedinliquidnitrogen,stillneedsfurtherexperimental
research.
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